Vibrating particles system (VPS) optimization is a recently developed metaheuristic algorithm for optimization. This algorithm is inspired by the free vibration of freedom systems' single degree with viscous damping. In this method, each answer is modeled as a particle that moves to its equilibrium position; new positions of the vibrating particle system are updated according to a historically best position. Enhanced Vibrating Particles system (EVPS) uses new approaches to improve the performance of the VPS algorithm. In this study, a dynamic method and modal based approach consisting of natural frequencies and mode shapes are used in the objective function formulation. To demonstrate the performance of the VPS and EVPS, different truss structures including several multiple elements scenarios with noise and without noise in modal data are considered for detecting damage problems.
metaheuristic methods in truss structures is utilized for finding the severity of the damage in each element of truss structures according to changes in natural frequencies and mode shapes. Different metaheuristic algorithms are applied to damage identification by many researchers [19] [20] [21] [22] [23] . These types of problems are considered using finite element models and the error should be equal to zero to obtain the exact answer. It is obvious that the error will never be zero if noise is considered in modal data. Most of the elements are undamaged while few are damaged. Accordingly, the algorithm can use a significant mutation to reach the exact answer and the algorithm should generate zero emphatically in this mutation [9] . Hence, this mutation is used for all problems in this study. This paper is organized as follows: In section 1, the introduction is presented. A brief explanation of the vibrating particles system algorithm is provided in section 2. Enhanced vibrating particles system is presented in section 3. In the fourth section, the formulation of the problem is provided. Section 5 includes four benchmark problems. Finally, the concluding remarks are presented in section 6.
Vibrating Particles System algorithm
This section contains 2 parts. The first part provides a brief introduction to the vibrating particle systems, and the second part presents the VPS algorithm.
Brief concepts of the VPS
Free and forced vibrations are two types of vibration. In the free vibration, the system is set in motion by a maintained force, while in the forced vibration a periodic force (displacement or velocity) is applied to the system. There is always a damping in these systems, sometimes caused by exterior agents like viscous damping and sometimes by internal agents. The purpose is to free the vibration system of single degree of freedom with viscous damping in Kaveh and Ilchi Ghazaan study [24] . The equation of the free vibration system can be presented as follows:
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where M, C and K are mass, coefficient of viscous damping and K is the stiffness of the system. Also, x is distance from system's position of stable equilibrium. Critical damping coefficient is provided in Eq. (2) = 2
where is the natural frequency of the single degree of freedom system. If C < (under damped system), the solution of Eq. (1) is determined as:
where and are constant and calculated according to the initial condition.
VPS algorithm
In this method, first the initial locations of particles are created by permissible random numbers in ndimensional search space by:
where is the jth variable of the ith particle. are the starting and ending points of permissible search space for the jth variable and rand is a random number in the range of [0, 1] .
In this method three parameters are defined as HB (the historically best position of the entire population), GB (a good particle) and BP (a bad particle). These parameters are selected for every particle as follows:
HB is the best candidate until that iteration, GB and BP are selected randomly between partially best and worst answers in each iteration, respectively.
A descending function based on number of iterations is defined in Eq. (5). This parameter is introduced due to the effect of the damping level in the vibration.
where iter is the number of current iteration, is the total number of iterations and has a constant value. Generating the next population in VPS algorithm is completed using the following equation: A parameter like p (within 0 to 1) is defined to accelerate the convergence of the VPS algorithm. This parameter is compared with rand and if p < rand , then 3 =0 and 2 = 1 − 1 . Also, when a particle violates a boundary, it must be changed by the harmony search-based side constraint handling approach [24] . In this method, HMCR (harmony memory considering rate) parameter determines whether the violating component should be replaced by the corresponding value in HB or it must be selected from the permissible search space. Also, if replaced by HB, there is a parameter, PAR (pitch adjusting rate), that determines whether this value should be changed with the neighboring value or not. These process is repeated for times.
Enhanced Vibrating Particles System algorithm
In this section, Enhanced Vibrating Particles System (EVPS) is presented. This improvement results in increasing the convergence speed, augmenting the ability of search, helping the EVPS to escape from local optima and generally gaining better results. Changes in the VPS algorithm are as follows:
In this method, two new parameters are introduced as "Memory" and "OHB". Memory acts as HB with the difference that it saves NB number of the best historically positions in the entire population, and OHB (one of the best historically positions in entire population) is one row of Memory that is selected randomly. HB is replaced with Memory in the EVPS algorithm. Another change in the VPS algorithm is that Eq. (6) should be replaced with Eq. (7). In Eq. (7), one of (a), (b) and (c) equations are applied with the possibility of 1 , 2 and 3 , respectively.
where (±1) are applied randomly. It should be noted that OHB, GP and BP are determined for every particle independently. Other sections of the EVPS are defined exactly the same as in the VPS algorithm.
Problem formulation
In this section, damage identification is presented briefly based on changes in natural frequency and mode shapes. According to the stiffness and mass matrices for each element, global matrices can be generated using Eq. (8) . It should be noted that the damping matrix is neglected in this study. Damage is considered as a reduction of the damaged structure, so the damage is considered as reduction in element's modulus of elasticity in this study. Therefore, the elasticity modulus of each damaged element is reduced based on each proposed scenario. In other words, damage in each structural element is determined by amount of the proposed scenarios. Reduction in elasticity modulus has appeared in member stiffness matrix and then in
where K G and M G are global stiffness and mass matrices, respectively. NE indicates the number of structural elements. k i and m i present stiffness and mass matrices, correspondingly. Also, it is assumed that no change will happen in the mass of structure before and after the damage. B i is determined as the proposed scenario. In fact, damage severity of each element is displayed by B i . The dynamic parameters of the damaged structure are calculated by the following eigenvalue equation:
where jl  and jl  are the jth natural frequency and mode shape of the damaged structures, respectively.
The objective function of this study is presented in Eq. (10). This equation is based on natural frequency and mode shapes of damaged and undamaged structure. In this study, damaged structure is estimated by VPS and EVPS algorithms.
where N is the number of considered vibration modes and DOF is the considered structure's degree of freedom number;
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 are the ith natural frequency of the proposed scenario and undamaged 8 structure, respectively.
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 are the values of the ith mode shape and jth degree of freedom, respectively.
Numerical examples
In this section, the performance of the standard VPS and EVPS algorithms are assessed through four damage detection problems of truss structures. The considered instances consist of four planar and spatial trusses with some single and multiple scenarios. In addition, all problems are investigated in two groups consisting of no noise and with noise cases. With noise problems are considered with a small deviation in natural frequencies and experimental mode shapes that are equal to 1% and 3%, respectively.
In damage detection literature, only a few members are damaged while most are undamaged; Thus, a significant mutation is generated by the algorithm. This mutation leads to replacing 0 with the available numbers in 30% of answers in each iteration In this study, all the problems' scenarios are run thirty times and the value of the parameters of the VPS and EVPS algorithms for all problems are as follows:
The total number of iterations, population size, 1 , 2 , P, HMCR, PAR,  and NB are 2000,40,0.3,0.3,0.7, 0.5, 0.2, 0.05 and 4, respectively. It should be noted that all the problems and scenarios are adapted from Kaveh et al. [9] ).
A 10-bar planar truss
The first problem is a 10-bar planar truss structure as illustrated in Fig. 1 . This truss consists of 10 elements and 4 free nodes and a non-structural mass of 454.0 kg is added to the free nodes. Also, elasticity modulus, density and cross sectional area for all elements are E=69,800MPa,  =2770kg/m 3 and A=0.0025 m 2 , respectively. Many researchers have investigated this problem as a well known benchmark in the field of damage detection literature. The first 8 modes are considered. Table 1 presents the six scenarios investigated in this problem. Table 2 illustrates the achieved average and best and worst results of 30 independent runs in this problem with VPS and EVPS algorithms. Table   3 and Table 4 show the damage locations and the severity damage of all scenarios for the best result of the both algorithms of no noise and with noise, respectively. Results impart that the EVPS accurately finds the location and severity of damaged elements in comparison with the VPS algorithm. However, these algorithms cannot find the exact answers for all scenarios. 
A 15-bar planar truss
The second problem is a 15-bar planar truss structure as shown in Also, all vertical and horizontal elements are assumed to be equal to 1.0 m. Table 5 shows the six scenarios investigated in this problem. Table 6 presents the achieved average and best and worst results of 30 independent runs in this problem with the VPS and EVPS algorithms. Table 7 and Table 8 show the damage locations and the severity damage of all scenarios for the best result of the both algorithms of no noise and with noise, respectively.
A 25-bar planar truss
The second problem is a 25-bar spatial truss structure as shown in Fig. 5 . This truss consists of 25 elements and 6 free nodes. Also, the elasticity modulus, density and cross sectional area for all elements are E=10 GPa,  =0.1kg/m 3 and A=0.001 m 2 , respectively. The first 6 modes are considered. Table 9 shows the six scenario investigated in this problem. Table 10 illustrates the achieved average and best and worst results of 30 independent runs in this problem with VPS and EVPS algorithms. Table 11 and Table 12 show the damage locations and the severity damage of all scenarios for the best result of the both algorithms of no noise and with noise, respectively.
A 72-bar spatial truss
The fourth problem is a 72-bar spatial truss structure as illustrated in Fig. 6 Table 13 presents the six scenario investigated in this problem. Table 14 illustrates the achieved average and best and worst results of 30 independent runs in this problem with VPS and EVPS algorithms. Table   15 and Table 16 show the damage locations and the severity damage of all scenarios for the best result of the both algorithms of no noise and with noise, respectively. Results are also compared with the SDE algorithm.
Conclusion
Vibrating Particles System algorithm has been recently developed. This algorithm is inspired by one degree of freedom systems with viscous damping. In this study, the Enhanced Vibrating Particles System algorithm is introduced as the EVPS algorithm. The improvement includes adding new parameters and changes in equations of the VPS algorithm. To compare the efficacy of the algorithms, 4 problems are studied for damage detection of truss structures considering 30 independent runs. The studied damage detection problems include damage of one and several elements. Additionally, problems of with noise and without noise are studied. In these problems the objective function is considered using natural frequencies and mode shapes. In this study, a significant mutation is used in all the damage detection problems which makes the algorithm to reach to an answer faster and more accurately. Results show that the EVPS algorithm obtains better mean and best result in all cases than the VPS algorithm. The EVPS algorithm has higher capability on escaping from local optima compared with the VPS algorithm. In addition, the EVPS has a higher speed and is more accurate than the VPS algorithm. Comparison of VPS and EVPS for other structural optimization problem is recommended. Fig. 1 Schematic of the 10-bar planar truss Fig. 2 The mean convergence curve of the sixth scenario's answers without considering noise for both algorithms for the 10-bar planar truss 
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